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o$nqualrHoro o[noHeHTa

Ha ArrcceprarrlrouHyro pa6ory EI{3IIHOfr EKATEPI,IHbI B-flTIECJIABOBHbI

(IIPI{MEHEHtrE MAIIII4TIIbIX yI'IEPO.IHbIX HAI{OKOMIIO3I4TOB

B TIMMyIIO- I4 IIMO-CEIICOPAX,{JIfl OIIPEAEJIF.H'I''fl, AHTI{EtrOTIIKOB

u IIpnpoAHbIX TOKCI4HOB>, rpeAcraBrreHHofi na coracKaHlre yrenofi

cTerIeHpI KaHAI{AaTa XI4MUqeCKIIX HayK IIO CneUUiilbHOCTII

| .4.2 - <<AnanurztlecKult xr.IMpIg))

Ar<ryanrHocrb reMbr rrccJreAoBaHlrfl. Cyulecrnyroqat norpe6nocrr Bo

nnena6oparopHoM aHilrra3e (o4norra v3 aKTyaJIb]{b,Ix uanpanneHufi pasBprrr4fi'

coupeuennoft anaJfirrvrqecr<oft xunrrau), neo6xoAlaMocrb pacruupeHl4s

na6oparopnofi 6agrr a*aJturruqecKrlx na6oparopnfi rpe6yor rroucKa HoBbIx

a;rralrvtreB, B ToM ql,Icre LI B floJleBhrx ycnosntx. 3to
aJrbrepHarlrBHbrx aHiuruTuqecKrrx ycrpofi&n, c noMotubro lcoCopnx Bo3MoxHo

SKcnpeccHoe onpeAeJreHl{e

Ar{KTyer neo6xoAzMocrb parpa6orr<u HoBbIX xt4Ml{qecKl4x ceHcopoB Ailfl.

HaAexHoro SKcnpeccHoro, nyBcrBnTeJIbHOrO V CeJIeKTIIBHOTO OnpeAeJIeHI,It

rrprropr,rrerHbrx aHiurrrroB, K KoropblM orHoctr asrn6uoruxn 14 [pHpoAHbIe

ToKcr,rHbr. Zgsecruo, qro rIbe3ogJIeKTpI,ItIecKI{e rpaBl,tMerpI4qecKl4e ceHcopbl

[ono)Kr{TeJrbHo 3apeKoMeHAoBiuru ce6s, rtpld onpeAeireHl,Iu pfltra 6nonornqecru

aKTLrBHbrx coeAr4HeHuil I4x xapaKTepr,rcrrlKll cyrqecrBeHHo 3aBlactr or KaqecrBa

pacrro3Harouero cJror, c$oprraupoBaHHoro Ha rloBepxHocrl4 ero gneKTpo4a. ,{la
pacmup eH vrfl anurtrrvrrgc Kr4x B o3MoxtHo crefi nrego gJreKTpl4qecKplx ceHcop oB Moryr

6rrrr KcrroJrb3oBaHbr pa3rurrubre $ynrqLIoHuLJIbHbre MareprlturBr, B tlacrHocrrl

HaHoKoM[o3r4Tbr Ha ocHoBe yrnepoAHblx nanorpy6or (yHT) v MarHrrrHblx

HaHoqacrurl MIfq). 3ro rpe6yet 
. AononHklreJrbHbrx I{ccneAoBarruir ro

rrpr{MeHeHr,rro HaHoKoMtro3r4ToB B KaqecTBe pacno3Haroqero cJlo.f,

nbe3ogJreKTpr4qecKoro ceHcopa v pa:pa6orr<z ilpaKTvqecKnx noAxo.qoB K

yrp oqeHr4ro rp oIIeAypbI cI4Hr e3a v p ereHepaul4l{ pacno3Haroqero cJlot.

[enr Arrcceprarluonnofi pa6orbr cocrorJra e paspa6orKe HoBoro cnoco6a

Sopuuponauur pacno3Haroqero cJror rneaoenercrpuqecKoro rpaBfiMerpl{llecKoro

ceucopa Ha ocHoBe MarulrrHbD( yrJrepo4HbD( HaHoKoMrro3pnoB MYHK) noa

4eficrnraevr BHerrrHero MarHlrrHoro rloJrt, cnoco6crBytoqero co4parrleHllK)



npoAoJDKrrreJrbHocrr4 rroAroroBKr4 ceHcopa K pa6ore I{ rroBblrueHuK) ero ycrofiql'IBocrl4.

Hayuuan HoBrr3Ha Ar{cceprarluu HecoMHeHHa. Bnepnrte rroKa3aHa

Bo3MoxHocrb $oplruponakrvfi. pacrlo3Harculero cnor rpaBl{Merpl{rlecKl'rx

rrbe3ooJreKTpr4rrecKr4x LrMMyHo- u flMo-ceHcopoB (ceHcopon 
"u 

df"o"a rroJIHMepoB

c MoneKyJurpHbrMrr or[errarKaMu) ua ocHoBe MyHK uoA AeficrBl4eM BHerIIHero

MarHurHoro rroJrr, cuoco6creyrcqero coKpalrleHuro [poAonNc[TeJrbHocrll

[oAroroBKr,r ceHcopa K pa6ore v rroBbllueHrrro ero ycrofivunocrll. Oqeneno

Brrrl-flHple pa3Mepa MIM, coorHoIIIeHI{t KoHllenrpaqufi yHT : MHt{ e MyHK Ha

xapaKTepucTr4Kr4 pacno3Harcqero cJlot [be3o3JIeKTpI,ItIeCKI,tX IIMMyHO- U IIMO-

ceHcopoB Anr onpeAeneHq-f, CJreAoBbIx KOHIIeHTpaWrfr,'auuI'IToB B xoI.4KI'IX cpeAax.

O6ocuosaH nosrrfi cnoco6 cr,rHre3a nanocSep IIMO spLITpoMI'IIII4Ha vr

a3rrrpoMrrrruHa Mero,qoM <<x4po-o6oroqKa>)\c tApaMIl Ha oclroBe HaHorlacrnq SiOz,

Ha [oBepxHocru Koropbrx [yreM cso6oAHopa4uralurofi noJIIdMepu3aII]II{ LrJru

3oJrb-reJrb MeToAoM ctrHTe3rrpoBaHa MoJIeKyntpHo I4MnprrHTlIpoBaHHat o6olo'rr<a,

rro3BoJurroulnfi nponoArrrb onpeAeJreHl{e MaKpoJrI{AHbIX antz6proruKoB B rIrI{poKoM

AV arril3oHe KoHueHTp a\wit.

[paxruuecKafl 3HaqLIMocTb pa6oTbl cB.a3aHa c paspa6orxofi HoBbIx

cnoco6os $oupe4elbnna cneAoBbIX KoHIIeHTpa4uit aurlt6raorur<og

(quupo$noKcarlr4Ha, rreHr4ut4JrJrkrHa G) vr aprlcroJloxuesofi KEcIIorbr

rrbe3ogJreKTpr4qecKr,rMtr r{MMyuoceHcopaMu u asrudnorl4KoB Ma{ponl4AHoro pflAa

flMO-ceucopaMr.r Ha ocHoBe MyHK B nzlqeeoft upoAyKrluu Ha pearrbHblx

ooterrax (rraouoro, M{co, sraro.rafi r,r Ap.). Hay.firaa H0BLI3Ha CnOCO6a OllpeAeneHrul
t

qzupo$loKcallnHa noArBepxAeHa nareHroM P@ (uareur Nl 2783255).

Brrrueusro)KeHHoe olpeAeJurer a'KmyanbHocmb TeMbr uIccJIeAoBaHI'It, a

TaK)Ke HuyrtHyru u npaKmuqecKyo, 3nuttuMocmb Al4ccepra{flfIv Eugruofi E.B.

Crpynrypa n ofirepr pa6orrr. Ailccepralll4oHHa{ pa6ora coAepxlar Bce

o6ssaremHbre KoMrroHeHTbr KaHAr,rAarcKofr Auccepralltrn kr cocrol{T H3 BBeAeHus,

rpex HraB, 3aKJrroqeHr{rr, BbrBoAoB Lr cnl4cKa ,qrarupyeuofi JlfiTeparypbr (251

r,rcrorrHr4K). Pa6om r{3JroxreHa na 113 crpaHl{qax, cofiepxuT B ocHoBHoM tercte 31

pr{cyHoK u 16 ra6nwl.

Bo nse4eHuu cQopMyJII{poBaHrr qenu ll

')

3aAaqr4 Al4cceprallzonnofi pa6orbl,



ee Ha)^IHaf, HoBI43Ha, TeopeTHqecKat fi IIpaKTI4tIeCKa{ 3HatIlIMOCTb'

troJrox(eHl4rl, BbrHOCHMbre Ha 3aqLITy. I

B rrepBofi rJraBe Ha BbICOKOM Uposeccl4oH€ulbHoM

a TaKx(e

ypoBHe

cr{creMarl{3l{poBaHbl 251 ]HaYrrglae, pa6ora (upeuuytqecrBeHHo aapy6exnux

rdcroqHl{Koo), nocnxuleHHas upI'IMeHeHuro YHT u MH[I B ceHcopure' fIpe4cTaBJIeH

o6sop tr3BecTHbrx cnoco6oB ctrHTe3a MYHK 14 vIx npuMeHeHLI'_ B A:FlamlrH'IeCrOfi

xyrlMprlr. Bo BTopoM pa3AeJIe oilplcaHbl pa3II4tIHbIe cnoco6g SoprrrupoeaEvs'

pacIIo3HaIoUeIo c1r9{ 14 tIOKa3aHbI IIepC[eKTI4BbI npLIMeHeHI4lI MyHK B

rrbe3ogneKTpr{qecKux ceHcopax, qTo rro3BoJrI{JIO COLICKaTeJITO C$OpnaynupoBarb

ocHoBHbIe 3a[aqvruccJreAoBaguit'. 
o.,

Bo nropofi rlane oxapaKTepr,r3oBaHbl o6rerrlr I4 MeroAbr I{ccIIeAoBaHI{rI,

peaKTr.rBbl, MaTepuaJIbI H cpeAcTBa I43Mepenrafi. llpune4eno no4po6Hoe oIII{caH}Ie

MeroALrK ctrHre3a MyHK, ycnorufi $opl"rupona'ufl' cJro{ Ha ocHoBe MyHK.

ouucaHrr MeTOAr4Kr,r Cr{HTe3a 6enrosrrx KoHbtoIaToB Lr [onI,IMepoB C

MoJIeKyJItpHbIMI,I oTleqaTKaMI4 (qApo-o6oJIoqKa), Soprvrupona6kls' vt SII9HKI'I

KarrecrBa pacro3Haroqero cJrofi Ha 6age [IMO'

Tperrn rJraBa <Pesynrrarrr u o6cyN4enun> rocB.fiIIIeHa o6cyx4euuro

[oJryregHbrx oKcrreprrMeHTarrbHbrx pe3yJrbraroB. llocreAosareJlbHo I{3Jro)KeHbr

ycJroBr{r r[op*luponalafl. MyHK, BKrroqaIoIIII{e MeroAI{KI{ cI'IHTe3a MarHI{THbrx

HaHotIacTI,Iq (pmczponaHuolo pa3Mepa vI oIIeHKy BIr:lzrflHvrfl' lfHT Ha

xapaKTepucTtrKr4 cJro{ Ha ocHoBe uaruururrx yrJIepoAHbIX HaHOKOMITO3}ITOB.

o6ocnosaHH y0noBr{lr co3,4aHr{r pacno3HaloilIero cJro.u nbe3p3neKTpl{qecKoro

rrMMyHoceHcopa Ha ocgoBe MyHK u elo rpllMeHeHIIt Nrfl onpeAeJleHut

asru6uorLrKoB (qnnpo$noKcarllrH, neur4rlr,rJrJrun G) rI apucroJloxueeofi KI4cJIorbI B

KoHKypeHTHoM I{ rptMoM S optuare 14 MMyHoaHairI{3a'

flpnre4enbr ycnoBufl, cv]diTe3a rroJII{MepOB C MOJIeKyLtrpH6TMI'I OTneqaTKaMpI

MeroAoM (a1Apo-o6ofloqKa) Ha ocHoBe lraHoqacrurl SiOz, ri Bo3MoxHocrLI Lrx

[pr{MeHeHPIf, B pacllo3HarcIlleM cnoe [be3o3neKTpuqecKoro ceHcopa I'nfl'

orrpe.UeJleHlail MaKpoJrI4AHbIx antu6norl{KoB. Ouruualruoe coorHolueHue

KoHrIeHTp aryufi TeMrrJrara, Qyrr qr,roHtulblroro- rr Kpocc-MoHoMepa ycraHaBJII'IBzIJr]r

cirerrpoSoToMeTplarlecKl,I; o6pasoeanue' cBt3efi. B Ilpoqecce cnHTe3a

KoHTponl4poB:urkI I4K-cnerrpoMerpllqecKl4.



Coucrareneu BnepBbre npeAJro)KeHo ocyuIecrBJUITb <[oprraraponanue

pacrro3Haroqero cJror nbe3ogngKTpr4qecKoro ceHcopa noA AeficrBl4eM BHelrrHero

MarHr4THOrO froJrr, rrTo rro3BoJrlrJro coKpaTI4Tb rIpoAoJIx(uTeJIbHocTb rIpoIIeAypbI B

16 pa3 (c 24 Ao 1,5 .r.), rroBbrclrrb ycrofivr,reocm pacrro3Harcrqero cJror K

MHoroKparHbrM r,r3MepeHrurM B xr4AKrax cpeAax rr pereHepaquu. Konuqecrso

rroBropHbrx rIrlKJroB Lr3MepeHur Bo3pacraer Ao 33 (grr MyHK) ro cpaBHeunro c 28

[oBTopHbrMrr rlkrKJravrr4 arrs. ceHcopoB Ha ocHoBe yHT.

CsoprrayrrrpoBaHHbre B ruaaepraqkrvr saraqr4 ubcre,{osa:aul,. orpa}Kalor

aKTyzullHocrb rr rrepcneKTldBHocrr pa6orrr, a non) reHHbre pe3yJrbrarbr AocTI,IHII{

pe3ynbrarzsHofi npaKTrlrrecrofi 3HaquMocrl4 rr orJrkrn{Arorcs oprrrkrHzurrnocrrro. IrIx

docmoeepHocmb o6ecne.reHa rpauornofi nocranosrofi gKclepr,rMeHTa,

rrprzMeHeHueM coBpeMeHHbrx MeroAoB Llcc.fleAoBanprfl. v aHufir3a (a rona 'uvcre Lt

ru6pra4nrrx), nenporuBopequBocrbro pe3yJlbraroB 3Kcrrepr.rMeHTa rro cpaBHeH[ro c

r,r3BecrHbrMr4 raccJreAoBaHvrMt4 Apyrr4x aBTopoB, a raKx(e ssauvrHoft KoppeJrrrluefi

pesyJrbraroB rr r4x crarucrr4rrecrofi npopa6orrofi .

B 4nccep raL\krr4 Aer&rrbHo o6ocuoeaubl MerporrorkrqecKu e xapaKTepr{cruKr{

cnoco6os onpeAeneHvrr aHTvr6nornron B rluuleBofi npogyrqul{, rper4MyrrlecrBa

rrpeAJroxeHHbrx coracr<aieneM ceHcopHbrx cr4creM rro cpaBHeHkrro c rr3BecrHbrMu B

Jrr{Tepaqlpe MeroAaMli. llorasaHbr rr cSoprvryrnpoBaHbr rrepcreKTraBbr Aarrbneftruefi

p aspa6 orrra reMbr, rrp eAnox(eHuofi cor4cKareneM c co aBTopaMLI.

. Pesynbrarbr Ar4cceprarllroHHoro r4ccJreAoBaukrr Moryr 6urr [pr,rMeHeubr npn

rrpoBeAeHl4rr Ha) {Hbrx I,Iccne.{oBaswit ,r B yre6Hux Kypcax KJlaccnqecKllx

ynrrBepcvreroB, MeAr4rIr4HcKr{x w rexHlaqecKrrx BV3on, r{cnoJrb3oBaHbr B

KouTpoJrbHo-aHarrr4Tr4rrecKr,rx n SapuaqeBTlaqecKl,Ix ra6oparop[rx.

Pa6ora rporuJra xoporuyrc anpo6aquro Ha Me)KryuapoAHbrx u

ncepoccrEficKr{x rousepeurlkrrx. OcnoeHoe coAepx{aHlre AprcceprarJkrr4 r43Jroxeno B

5 cratr.f,x B )KypHrurax, BxoA-rrrrlux B rteperleHb BAK r4 r{HAeKcr{pyeMbrx e 6a3ax

AaHHbrx Web of Science 14 Scopus. flparrravecxax HoBrr3Ha pe3yJrbraroB

lrccneAoBannfi no4rnepxAena nareHToM P@. Pa6ora BbruoJrHeHa upra $uuaHcoBofi

rroAAep)KKe (<Y.M.H.I4.K) u rpaHr POOI4 n Jlvlreqxofi o6racrz Ns20-43-480001).



Aemopefiepam kI nydnuxa4au noflHocmbw ompaercsrum coAepxaHl{e

Ar,rcceprarlrdu. BrrsoAbr kr peKoMerrAarll{rr, coAepx(arluecfl. s 3aKnro'reuvIvt' cireAytor

noruKe prccJreAoBaHvrfi.vt oTpax{arcT s norHofi Mepe IroJryr{eHHble p$yJIbTaTbI.

gilUnrum HA qfuCu',(yru OqeHKy rIOJIytIeHHbIX Ha) {HbIX U npaKTLItIeCKUX

pesynrraron):

1. Kar orreHHBtuIH crerleHb

r4MMyHOCenCOpOn?

2. B Ar4cceprarlrrr4 npr,rBeAeH pr4cyHoK s.refiru AereKTnpoBaHvIA, Ho He

[pr{BeAeHO Ofrr4caHrre, KaK ee MOXHO LICrIoJrb3oBatr."Kar<OBO ee yCrpoficrno? Karne

rpe6onanr,rr [peAbfBJrrrorc-rr K rrocrotHHoMy MarHl,try, KaK pacnoJlaraerc.fi ceHcop B

g.refiKe? lt

3. B 4racceprapyrcKa3aHo <floeepxnocrHyro lrop$olorurc pacro3HarcIqero

cJrof, rrccneAoBiurr4 MeroAoM aroMHo-cl4noeoft Ml4KpocKorrr4vr Ha cKaHupyroqeM

3oHAoBoM Mr4KpocKone SOLVER P47-PRO <<Hanotexnonorur-MAT))).

llonepxnocrb o6pa6arblBaJrl4 c rroMolllbro SulrrpoB nporpaMMbl <<NOVA>> (crp.

30). O r<arofi noBepxHocrl{ 3.{ecb roBopl4rc-r? |

4. flpuu onncattuvt AaHHbrx ra6t. 5 cKa3aHo, qro <Kar rloKa3ililll

gKcrrepuMeHT€urbHbre AaHHbre, Bo Bcex cllyqatx Macca cJlot Ha ocHoBe MYHKa

HrDKe Maccbr cJror Ha ocHoBe MYHK1, HecMorpr na 6onrruuit [uauerp MH[I, uro

cBt3aHo c MeHee nJIoTHbIM pacrloJlox{eHHeM MaTHI4THbIX qaCTUII Ha nOBepXHOCTLI

yrnepoAHbrx nanorpy6or, ilprrBoAflIrIIrM K yMeHbIIreHIrro Korl4qecrBa

3aKpeIUIteMOrO Ha CeHCOpe HaI{OMaTepI4aJIa)). r{tO anrOp I,IMeJI n nu4y?

5. Kar orpeAenrJrr{ rpeAen o6u'apyNeuux kr Allarra3oH o[peAeJUIeMbIx

coAepx(aHwfi asrnlr,rorr{KoB r,r roKcrrHon (ra6nu\a 7) B nprMoM (apucronowrgBafl

rncnora) u KoHKypeHTHoM (aHrn6uoruxu) $opnraTax llMMynoanaunsa?

6. C qeM cB-f,3aHbr pa3rvrlufl. Ar4a[a3oHoB oflpeAeJlflrrui"t* co4epxannft

MaKpoJrr{AoB c rroMorrlbro ceHcopoB Ha ocHoBe. ,fn{o, o6ono.{ra Koropblx

cr4HTe3r4poBaHa MeroAoM cso6oAHopaglaxalrnofi rloJll4Mepl4galllzu pr 3oJIb-reJIb

uero,uorra?

Bonpocrr LI 3aMerIaHI{t no AlaccepTalluonnofi pa6ore u amopeSepaty (ne

pefeHepalluu qyBcTBlITeJrbHofo cJlot



,,{uccepraqlloHHa-a pa6ora Eusuttofi Examepuuot BnttecilaeoaHbt

<<IlpuvreneHrre Marrrrrrnbrx yrJrepoAlrbrx HaHoKoMrIo3I{ToB B rIMMyHo- u IIMO-

CeHcopax AJIfl OIIpeAeJIeHI|q aHTII6IIOTIIKOB tr [pupOAHbIx T0KCIIHOB)

rrpeAcTaBJIteT 3aBepIIIeHHyIO HarIHo-I4CCneAOBaTenbcKyK) pa6ory, KoroP€uI

yAoBJrerBopfler u. 9-1L, 13,14 <<flonoxeHrrr o rpllcyx(Ae]Hvrvr yreHbIX crerleHefi>'"

yrBepl1AeHHoro flocranosJreHr{eM Ne 842 IlpaeNrenbcrBa PO ort 24 cesrs6px20l3

foAa (n 4eficrnyrorqefi pe4axquu) r AHccepTaIIIIoHHbIM pa6orau. Anrop

Ar{cceprarlraouuofi pa6orrr Etnurua Examepuna Bauecila&ohHa, HecoMHeHHo,

3acJryxrr4Baer rrpLrcyx(AeHLTA yrenofi crerIeHLI KaHALIAaTa xuMutlecKrlx HayK rlo

c[equarlbHocr]I | .4.2 - <<AnalurllrqecKat xLTMLLD)'
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